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(57) ABSTRACT

A metal gate process for polishing and oxidizing includes the
following steps. A first dielectric layer having a trench is
formed on a substrate. A barrier layer and a metal layer are
formed sequentially to cover the trench and the first dielectric
layer. A first chemical mechanical polishing process includ-
ing a slurry of H,O, with the concentration of 0~0.5 weight
percent (wt. %) is performed to polish the metal layer until the
barrier layer on the first dielectric layer is exposed. A second
chemical mechanical polishing process including a slurry of
H,O, with the concentration higher than 1 weight percent (wt.
%) is performed to polish the barrier layer as well as oxidize
a surface of the metal layer remaining in the trench until the
first dielectric layer is exposed, thereby a metal oxide layer
being formed on the metal layer.

5 Claims, 5 Drawing Sheets
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1
SEMICONDUCTOR STRUCTURE
INCLUDING SILICON AND
OXYGEN-CONTAINING METAL LAYER AND
PROCESS THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a semiconductor
structure and process thereof, and more specifically to a semi-
conductor structure and process thereof, which forms a sili-
con and oxygen—containing metal layer on a metal gate.

2. Description of the Prior Art

Poly-silicon is conventionally used as a gate electrode in
semiconductor devices, such as the metal-oxide-semiconduc-
tor (MOS). With the trend towards scaling down the size of
semiconductor devices, however, conventional poly-silicon
gates face problems such as inferior performance due to
boron penetration and unavoidable depletion effect. This
increases equivalent thickness of the gate dielectric layer,
reduces gate capacitance, and worsens a driving force of the
devices. Therefore, work function metals that are suitable for
use as the high-K gate dielectric layer are used to replace the
conventional poly-silicon gate to be the control electrode.
This control electrode of work function metals constitutes a
metal gate.

In general, the method of replacing a conventional poly-
silicon gate with a metal gate includes: removing the conven-
tional poly-silicon gate and therefore forming a recess in an
interdielectric layer; sequentially filling work function metals
in the recess, that would cover the interdielectric layer as well.
Thus, a planarization process would be performed to pla-
narize the work function metals out of the recess and covering
the interdielectric layer until the interdielectric layer is
exposed, and the metal gate in the recess is formed. After the
metal gate is formed, another dielectric layer will cover the
interdielectric layer and the metal gate for forming intercon-
nections above the metal gate and the interdielectric layer.

The above said planarization process may be a chemical
mechanical polishing (CMP) process. In the semiconductor
industry, chemical mechanical polishing (CMP) is the most
common and important planarization tool applied. For
example, the CMP process can be used to remove a topo-
graphical target of a thin film layer on a semiconductor wafer.
The CMP process produces a wafer with both a regular and
planar surface, to ensure a depth of focus (DOF) in the fol-
lowing photo process. In a CMP process, slurry is provided in
a surface subject to planarization, and a mechanical polishing
process is performed on the surface of the wafer. The slurry
includes chemical agents and abrasives. The chemical agents
maybe PH buffers, oxidants, surfactants or the like, and the
abrasives may be silica, alumina, zirconium oxide, or the like.
The chemical reactions evoked by the chemical agents and
the abrasion between the wafer, the abrasives, and the polish-
ing pad can planarize the surface of the wafer.

Moreover, after the metal gate is formed by the planariza-
tion process, another dielectric layer will cover the interdi-
electric layer and the metal gate. The interface between the
interdielectric layer and the metal gate plays an important rule
for performances.

SUMMARY OF THE INVENTION

The present invention provides a semiconductor structure
and process thereof, which forms a silicon and oxygen-con-
taining metal layer between a metal gate and a dielectric layer
above for buffering.
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The present invention provides a semiconductor process
including the following steps. A first dielectric layer having a
trench is formed on a substrate. A metal gate is formed in the
trench. A silicon-containing deposition process is performed
to import silicon atoms into a top surface of the metal gate,
thereby forming a silicon-containing metal layer on the metal
gate. A silicon and oxygen-containing deposition process is
performed to form a second dielectric layer on the silicon-
containing metal layer and the first dielectric layer.

The present invention provides a semiconductor structure
including a first dielectric layer, a metal gate, a silicon and
oxide-containing metal layer and a second dielectric layer.
The first dielectric layer having a trench is disposed on a
substrate. The metal gate is disposed on the trench. The sili-
con and oxide-containing metal layer covers the metal gate.
The second dielectric layer covers the silicon and oxide-
containing metal layer and the first dielectric layer.

According to the above, the present invention provides a
semiconductor structure and a process thereof, which forms a
silicon-containing metal layer between the metal gate and the
second dielectric layer, to buffer the metal gate and the second
dielectric layer. Therefore, microstructures between the metal
gate and the second dielectric layer can be improved, defects
such as dislocation between the metal gate and the second
dielectric layer can be reduced, and electrical performance
such as reliability can be enhanced.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-9 schematically depict cross-sectional views of a
semiconductor process according to an embodiment of the
present invention.

FIG. 10 schematically depicts a cross-sectional view of a
semiconductor process according to an embodiment of the
present invention.

DETAILED DESCRIPTION

FIGS. 1-9 schematically depict cross-sectional views of a
semiconductor process according to an embodiment of the
present invention. As shown in FIG. 1, a substrate 10 is
provided. The substrate 10 may be a semiconductor substrate
such as a silicon substrate, a silicon containing substrate, a
II1-V group-on-silicon (such as GaN-on-silicon) substrate, a
graphene-on-silicon substrate or a silicon-on-insulator (SOI)
substrate. An isolation structure 5 is formed in the substrate
10 and thus the substrate 10 is divided into two active regions,
such that the two active regions are a first area A and a second
area B and the first area A is a PMOS transistor area while the
second area B is a NMOS transistor area in this embodiment,
but it is not limited thereto. The isolation structure 5 may be
a shallow trench isolation (STI) structure, which may be
formed by a shallow trench isolation process, but it is not
limited thereto. The present invention is applied in a CMOS
transistor having a PMOS transistor and a NMOS transistor in
this embodiment, but the present invention, however, may be
applied in single transistor such as an NMOS transistor or
other devices, depending upon the needs.

Then, a first gate structure 110, a second gate structure 120
and two corresponding source/drain regions 130a and 1305
are formed on the substrate 10. In this embodiment, the first
gate structure 110 is for forming a NMOS transistor while the
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second gate 120 is for forming a PMOS transistor. In detail,
the first gate structure 110 and the second gate structure 120
may respectively include buffer layers 112 and 122 located on
the substrate 10, gate dielectric layers 114 and 124 located on
the buffer layers 112 and 122, gate layers 116 and 126 located
on the gate dielectric layers 114 and 124, cap layers 118 and
128 located on the gate layers 116 and 126 and spacers 119
and 129 located beside the buffer layers 112 and 122, the gate
dielectric layers 114 and 124, the gate layers 116 and 126 and
the cap layers 118 and 128.

The buffer layers 112 and 122 may be oxide layers, which
may be formed through a chemical oxide process or a thermal
oxide process, but it is not limited thereto. The buffer layers
112 and 122 are located between the gate dielectric layers 114
and 124 and the substrate 10 to buffer the gate dielectric layers
114 and 124 and the substrate 10. A gate-last for high-k first
process is applied in this embodiment, so that the gate dielec-
tric layers 114 and 124 are gate dielectric layers having a high
dielectric constant, which may be the group selected from
hafnium oxide (HfO2), hafnium silicon oxide (HfSiO4),
hafnium silicon oxynitride (HfSiON), aluminum oxide
(A1203), lanthanum oxide (La203), tantalum oxide
(Ta205), yttrium oxide (Y203), zirconium oxide (ZrO2),
strontium titanate oxide (SrTiO3), zirconium silicon oxide
(ZrS104), hatnium zirconium oxide (HfZrO4), strontium bis-
muth tantalite (SrBi2Ta209, SBT), lead zirconate titanate
(PbZrxTil-xO3, PZT) and barium strontium titanate
(BaxSr1-xTiO3, BST), but it is not limited thereto. In another
embodiment, as a gate-last for high-k last process is applied,
the gate dielectric layers 114 and 124 will be removed in later
processes and then gate dielectric layers having a high dielec-
tric constant is formed. Therefore, the material of the gate
dielectric layers 114 and 124 may be just sacrificial materials
suitable for being removed in later processes. The gate layers
116 and 126 may be made of polysilicon, but it is not limited
thereto. The cap layers 118 and 128 may be respectively a
single layer or a multilayer composed of a nitride layer or an
oxide layer etc. used for being a patterned hard mask, but it is
not limited thereto.

The spacers 119 and 129 may be respectively a single layer
or a multilayer structure composed of materials such as sili-
con nitride or silicon oxide etc. Methods of forming the first
gate structure 110 and the second gate structure 120 are well
known in the art and are not described herein.

Then, a stress memorization technique (SMT) may be
selectively performed to respectively force stress to the gate
channels 140a and 14056 beneath the first gate structure 110
and the second gate structure 120; thereby the carrier mobility
of the gate channels 140a and 1405 is improved. The stress
memorization technique (SMT) may include forming a
strained silicon material (not shown) in the source/drain
regions 130a and 1305 such as forming a silicon germanium
layer in a PMOS transistor or forming a silicon carbide layer
in an NMOS transistor, or covering a corresponding stress
layer (not shown) on the first gate structure 110 and the
second gate structure 120, but the techniques are not limited
thereto. In this embodiment, a contact etch stop layer 20
blanketly covers the first gate structure 110, the second gate
structure 120 and the substrate 10 beside the first gate struc-
ture 110, the second gate structure 120, and the contact etch
stop layer 20 is also a stress layer, which may be composed of
doped silicon nitride or etc., for induced stress in the gate
channels 140a and 14056 beneath the first gate structure 110
and the second gate structure 120, but it is not limited thereto.

As shown in FIG. 2, a first dielectric layer 130 is formed on
the substrate 10. The first dielectric layer may be an interdi-
electric layer, which may be composed of oxide, but it is not
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limited thereto. More precisely, a first dielectric layer (not
shown) may entirely cover the first gate structure 110, the
second gate structure 120 and the substrate 10 beside the first
gate structure 110, the second gate structure 120; and then, the
first dielectric layer is planarized by methods such as a chemi-
cal mechanical polishing (CMP) process until the cap layer
118 of the first gate structure 110 and the cap layer 128 of the
second gate structure 120 (as shown in FIG. 1) are removed
and the gate layer 116 of the first gate structure 110 and the
gate layer 126 of the second gate structure 120 are exposed,
but the methods are not restricted thereto.

Thereafter, the gate layers 116 and 126 are removed by
methods such as etching, and trenches R1 and R2 are respec-
tively formed in the first dielectric layer 130, as shown in FI1G.
3. Then, a first work function metal layer 142 may be formed
only in the first area A and thus covers the trench R1 and the
first dielectric layer 130 in the first area A. In detail, a first
work function metal layer (not shown) may entirely cover the
first dielectric layer 130 and the trenches R1 and R2 in the first
area A and the second area B, and then be patterned by
processes such as a photolithography process to remove the
first work function metal layer (not shown) in the second area
B but reserve the first work function metal layer 142 in the
first area A. As the first work function metal layer 142 is used
for forming a PMOS transistor, the first work function metal
layer 142 should be composed of metals suited for forming
the PMOS transistor such as titanium nitride/tantalum nitride
or etc.

As shown in FIG. 4, a second work function metal layer
144 may cover the first work function metal layer 142 in the
first area A, and the first dielectric layer 130 and the trench R2
in the second area B. The second work function metal layer
144 is suited for forming an NMOS ftransistor, so that it is
composed of titanium aluminum in this embodiment, but it
may be composed of other metals under other situations.
Then, a barrier layer 150, a wetting layer 160 and a metal
layer 170 may be sequentially formed to cover the second
work function metal layer 144. The barrier layer 150 may be
a single layer structure or a multilayer structure composed of
tantalum nitride (TaN) or titanium nitride (TiN) etc. to prevent
above disposed metals from diffusing downwards to the gate
dielectric layers 114 and 124 and from polluting the gate
dielectric layers 114 and 124. In this embodiment, the wetting
layer 160 includes titanium, while the metal layer 170
includes aluminum, but it is not limited thereto.

As shown in FIG. 5, an annealing process P1 may be
performed, so that a wetting layer 160' may be formed by the
diffusion of the wetting layer 160 and the metal layer 170,
meaning the wetting layer 160 and a part of the metal layer
170 transforming into the wetting layer 160'. As the wetting
layer 160 includes titanium and the metal layer 170 includes
aluminum, the wetting layer 160" includes titanium alumi-
num. In detail, titanium concentration of the wetting layer
160" increases from top to bottom while aluminum concen-
tration of the wetting layer 160' decreases from top to bottom.
Preferably, the processing temperature of the annealing pro-
cess P1 is about 400° C. for inter-diffusion between the wet-
ting layer 160 and the metal layer 170, but it is not limited
thereto.

As shown in FIGS. 6-7, the metal layer 170, the wetting
layer 160", the barrier layer 150, the second work function
metal layer 144 and the first work function metal layer 142
may be polished, thereby metal gates M1 and M2 being
formed respectively in the first area A and the second area B.

More precisely, a first chemical mechanical polishing pro-
cess P2 may be performed to polish the metal layer 170 and
the wetting layer 160" until the barrier layer 150 is exposed,
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and thus metal layers 170a and wetting layers 160a remain in
the trenches R1 and R2, as shown in FIG. 6. The first chemical
mechanical polishing process P2 preferably includes a slurry
ofhydrogen peroxide (H,O,) with the concentration of 0~0.5
weight percent (wt. %), thereby the first chemical mechanical
polishing process P2 has a high polishing selectivity to the
metal layer 170 and the wetting layer 160" and to the barrier
layer 150. That is, the polishing rate of the first chemical
mechanical polishing process P2 to the metal layer 170 and
the wetting layer 160" is larger than to the barrier layer 150,
thus the barrier layer 150 can serve as a polishing stop layer.

Then, a second chemical mechanical polishing process P3
may be performed to polish the metal layers 170a, the wetting
layers 160a, the barrier layer 150, the second work function
metal layer 144 and the first work function metal layer 142
until the first dielectric layer 130 is exposed, and thus metal
layers 1705 and wetting layers 1605, barrier layers 150q,
second work function metal layers 144a and a first work
function metal layer 1424 remain in the trenches R1 and R2,
thereby the metal gates M1 and M2 being formed, as shown in
FIG. 7. The metal gates M1 and M2 both include the second
work function metal layer 1444, the barrier layer 150qa, the
wetting layer 1605 and the metal layer 1705. However, only
the metal gate M1 includes the first work function metal layer
142a surrounding the second work function metal layer 144a.

It is emphasized that, the second chemical mechanical
polishing process P3 preferably includes a slurry of hydrogen
peroxide (H202) with the concentration higher than that of
the first chemical mechanical polishing process P2. In this
embodiment, the second chemical mechanical polishing pro-
cess P3 preferably includes a slurry of hydrogen peroxide
(H202) with the concentration higher than 1 weight percent
(wt. %), thereby not only the metal layers 170q, the wetting
layers 1604, the barrier layer 150, the second work function
metal layer 144 and the first work function metal layer 142
can being polished by the second chemical mechanical pol-
ishing process P3, but also a top surface of remaining layers
such as the metal layers 1705, the wetting layers 1605 and the
second work function metal layers 144a remaining in the
trenches R1 and R2 will be oxidized. Moreover, the barrier
layers 150a and the first work function metal layer 142a may
also be oxidized, depending upon their materials.

Since the second chemical mechanical polishing process
P3 includes a slurry of hydrogen peroxide (H202) with the
concentration higher than 1 weight percent (wt. %), the sec-
ond chemical mechanical polishing process P3 has a high
polishing selectivity to the metal layers 170q, the wetting
layers 1604, the barrier layer 150, the second work function
metal layer 144 and the first work function metal layer 142
and to the first dielectric layer 130. That is, the polishing rate
of the second chemical mechanical polishing process P3 to
the metal layers 170q, the wetting layers 160q, the barrier
layer 150, the second work function metal layer 144 and the
first work function metal layer 142 is larger than to the first
dielectric layer 130, thus first dielectric layer 130 can serve as
a polishing stop layer. Meanwhile, metal oxide layers 182,
184 are formed on the top of the metal layers 1705, the
wetting layers 1605 and the second work function metal
layers 144a because of the oxidization of the second chemical
mechanical polishing process P3. As the metal layers 1705,
the wetting layers 1605 and the second work function metal
layers 144a of the metal gates M1 and M2 include aluminum
titanium (TiAl), the metal oxide layers 182, 184 includes
aluminum titanium oxide (TiAlO) as well. By performing the
second chemical mechanical polishing process P3, the
formed metal oxide layers 182, 184 can prevent the below
parts of the metal gates M1 and M2 from being damaged and
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oxidized. Furthermore, the metal oxide layers 182, 184 are
thinner and denser than that formed by current processes in
the industry such as performing an extra oxidizing process
after a polishing process for forming metal gates. Besides,
processing time and costs can be saved in the present inven-
tion due to only two chemical mechanical polishing processes
being performed without extra oxidizing processes.

Preferably, for forming the thin and dense metal oxide
layers 182, 184, the second chemical mechanical polishing
process P3 includes a slurry of hydrogen peroxide (H,O,)
with the concentration at a range of 1-2 weight percent (wt.
%) for trading off polishing and oxidizing effect; the process-
ing time of'the second chemical mechanical polishing process
P3 is longer than 50 seconds for fully oxidizing; and the
processing down pressure of the second chemical mechanical
polishing process is less than 1.5 psi (pounds per square inch)
for fully oxidizing.

According to the above, the metal layer 170, the wetting
layer 160", the barrier layer 150, the second work function
metal layer 144 and the first work function metal layer 142
may be polished by sequentially performing the first chemical
mechanical polishing process P2 and the second chemical
mechanical polishing process P3, so that the thin and dense
metal oxide layers 182, 184 can be formed at the same time.
In a still improved embodiment, before the first chemical
mechanical polishing process P2 is performed, a third chemi-
cal mechanical polishing process P4 may be performed to
thin the metal layer 170 of FIG. 5 firstly to form a metal layer
170", as shown in FIG. 10. The polishing rate of the third
chemical mechanical polishing process P4 to the metal layer
170 is preferably higher than the polishing rate of the first
chemical mechanical polishing process P2 to the metal layer
170". Thus, the metal layer 170 can be thinned down effi-
ciently by the third chemical mechanical polishing process P4
through adjusting the polishing rate of the third chemical
mechanical polishing process P4, and then the metal layer
170" can be polished by the first chemical mechanical polish-
ing process P2 for precisely controlling the polishing stop-
ping on the barrier layer 150 without over-etching, and for
reducing the affection of the loading effect. The thickness t1
of the metal layer 170" remaining after the third chemical
mechanical polishing process P4 is preferably larger than 100
angstroms to maintain enough thickness for the polishing of
the first chemical mechanical polishing process P2; the down
pressure of the third chemical mechanical polishing process
P4 is higher than the down pressure of the first chemical
mechanical polishing process P2, to save processing time,
reducing the loading effect and stopping the polishing pre-
cisely.

As shown in FIG. 8, a silicon-containing deposition pro-
cess P5 is performed to import silicon atoms into a top surface
S of the metal gates M1 and M2, thereby silicon-containing
metal layers 192 and 194 being formed on the metal gates M1
and M2. More precisely, the silicon-containing metal layers
192 and 194 are formed by transforming the top of the metal
oxide layers 182, 184. Thereafter, as shown in FIG. 9, a
silicon and oxygen-containing deposition process P6 is per-
formed to form a second dielectric layer 200 blanketly on the
silicon-containing metal layers 192 and 194 and the first
dielectric layer 130. The second dielectric layer 200 maybe
silicon oxide layer or etc. By forming the silicon-containing
metal layers 192 and 194 between the metal gates M1 and M2
and the second dielectric layer 200, the metal gates M1 and
M2 and the second dielectric layer 200 can be buffered by the
silicon-containing metal layers 192 and 194 due to the gradi-
ent changes of ingredients from the top of the metal gates M1
and M2 to the bottom of the second dielectric layer 200.
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Thereby, microstructures between the metal gates M1 and M2
and the second dielectric layer 200 can be improved, defects
such as atom vacancies and voids between the metal gates M1
and M2 and the second dielectric layer 200 can be reduced,
and electrical performance such as reliability can be
enhanced.

In this embodiment, as the metal oxide layers 182, 184 of
the metal gates M1 and M2 include titanium aluminum oxide
(TiAlO), and the silicon-containing metal layers 192 and 194
include titanium aluminum silicon oxide (TiAlOSi). That is,
the silicon-containing metal layers 192 and 194 in this
embodiment include silicon and oxygen atoms, thus the inter-
face of the metal gates M1 and M2 and the second dielectric
layer 150 including silicon oxide can be improved and buft-
ered due to the silicon-containing metal layers 192 and 194
and the second dielectric layer 150 including same atoms.
More precisely, the silicon-containing metal layers 192 and
194 has silicon concentration decreasing from a top surface to
a bottom surface. The silicon-containing metal layers 192 and
194 and the metal oxide layers 182, 184 have oxygen con-
centration decreasing from a top surface of the silicon and
oxide-containing metal layer to a bottom surface of the metal
oxide layer.

Preferably, the silicon-containing deposition process P5
and the silicon and oxygen-containing deposition process P6
are performed in-situ for saving processing time and costs,
and preventing formed devices from being polluted or oxi-
dized. In one case, the silicon-containing deposition process
P5 and the silicon and oxygen-containing deposition process
P6 may both be performed by plasma-enhanced chemical
vapor deposition (PECVD) processes, but it is not limited
thereto. More precisely, the plasma-enhanced chemical vapor
deposition (PECVD) processes may have reactive gases such
as silane (SiH,), tetraethoxysilane nitrous oxide (TEOS N,O)
and oxygen (O,) gases imported. Preferably, the silicon-con-
taining deposition process P5 maybe a plasma-enhanced
chemical vapor deposition (PECVD) process having silane
(SiH,) gas imported while the silicon and oxygen-containing
deposition process P6 may be a plasma-enhanced chemical
vapor deposition (PECVD) process having silane (SiH,), tet-
raethoxysilane nitrous oxide (TEOS N,O) (and oxygen (O,))
gases imported. That is, the silicon-containing deposition
process P5 and the silicon and oxygen-containing deposition
process P6 may be performed by plasma-enhanced chemical
vapor deposition (PECVD) processes having silane (SiH,)
gas imported first before nitrous oxide (TEOS N,O) (and
oxygen (O,) gases) gas being imported, and then nitrous
oxide (TEOS N,O) gas (and oxygen (O,) gases) imported.
The silicon -containing deposition process P5 may have
silane gas imported, while the silicon and oxygen-containing
deposition process P6 may have silane(SiH,) gas and nitrous
oxide (N,O) gases imported. Thus, the silicon-containing
deposition process P5 and the silicon and the oxygen-con-
taining deposition process P6 can be performed in-situ
through performing the silicon-containing deposition process
P5 having silane gas imported and then performing the oxy-
gen-containing deposition process P6 by having nitrous oxide
(N,O) gases further imported with silane gas imported still,
but it is not limited thereto.

To summarize, the present invention provides a semicon-
ductor structure and a process thereof, which forms a silicon-
containing metal layer between the metal gate and the second
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dielectric layer, to buffer the metal gate and the second dielec-
tric layer. Therefore, microstructures between the metal gate
and the second dielectric layer can be improved, defects such
as dislocation between the metal gate and the second dielec-
tric layer can be reduced, and electrical performance such as
reliability can be enhanced.

Preferably, the silicon-containing metal layer and the sec-
ond dielectric layer may be formed in-situ. As the silicon-
containing metal layer is formed by the silicon-containing
deposition process and the second dielectric layer is formed
by the silicon and oxygen-containing deposition process, the
silicon-containing deposition process can be performed by
having silane gas imported and the silicon and oxygen-con-
taining deposition process can be performed by having
nitrous oxide gas further imported with silane gas imported
still. The silicon-containing deposition process and the sili-
con and oxygen-containing deposition process may both be
silicon and oxygen-containing deposition processes.

Furthermore, the metal gate may have the thin and dense
metal oxide layer on the top through sequentially performing
chemical mechanical polishing (CMP) processes capable of
polishing and oxidizing simultaneously without performing
extra oxidizing processes. In one case, as the metal gate
includes titanium aluminum (TiAl), the metal oxide layer
includes titanium aluminum oxide (TiAlO), therefore the sili-
con-containing metal layer includes titanium aluminum sili-
con oxide (TiAlOSi).

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A semiconductor structure, comprising:

a first dielectric layer having a trench disposed on a sub-
strate;

a metal gate disposed on the trench;

a silicon and oxide-containing metal layer covering a top
surface of the metal gate, wherein the silicon and oxide-
containing metal layer has silicon concentration
decreasing from a top surface to a bottom surface, the
metal gate comprises a metal oxide layer and the silicon
and oxide-containing metal layer directly covers the
metal oxide layer; and

a second dielectric layer covering the silicon and oxide-
containing metal layer and the first dielectric layer.

2. The semiconductor structure according to claim 1,
wherein the metal gate comprises titanium aluminum and the
metal oxide layer comprises titanium aluminum oxide
(TiAlO).

3. The semiconductor structure according to claim 2,
wherein the silicon and oxide-containing metal layer com-
prises titanium aluminum silicon oxide (TiAlOSi).

4. The semiconductor structure according to claim 1,
wherein the second dielectric layer comprises a silicon oxide
layer.

5. The semiconductor structure according to claim 1,
wherein the silicon and oxide-containing metal layer and the
metal oxide layer have oxygen concentration decreasing from
the top surface of the silicon and oxide-containing metal layer
to a bottom surface of the metal oxide layer.
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